Background: To evaluate the ability of albumin-to-bilirubin (ALBI) score for assessing the in-hospital death in cirrhotic patients.
Introduction
Liver cirrhosis is a common cause of death in the world (1, 2) . The accurate prognostic assessment of liver cirrhosis is important in our clinical practice. Child-Pugh score is the most commonly used tool to predict the prognosis of liver cirrhosis (3) . However, it has been established for a long time, and its components are selected primarily based on the surgeons' experiences. Model for end-stage liver disease (MELD) score is also a central tool for prognostic assessment of liver cirrhosis (4, 5) . It has greatly changed the landscape of liver transplantation donor allocation (6) , and its components are determined according to the strict statistical analyses. Until now, there are lots of controversy regarding the comparison of Child-Pugh versus MELD scores (7) (8) (9) (10) . More recently, albumin-to-bilirubin (ALBI) score has been proposed as a novel, simple, and readily available model for assessing the severity of liver dysfunction in hepatocellular carcinoma (11) . Several studies have also explored the prognostic role of ALBI score in other liver diseases (12) (13) (14) (15) . Herein, we attempted to conduct a large study to assess the ALBI score for in-hospital death in unselected cirrhotic patients.
Methods

Patients
The study protocol of this retrospective study has been approved by the ethical committee of the No. 463 hospital of Chinese PLA, which is a tertiary hospital. In this study, the researchers enrolled all cirrhotic patients admitted to the No. 463 hospital of Chinese PLA from January 2009 to December 2014. Two researchers (J Ma and B Han) collected the primary data, including age, sex, cirrhosis etiology, major causes of admission, liver function, renal function, coagulation function, and in-hospital outcome, from electronic medical charts. One of them also validated the accuracy of data. We calculated the Child-Pugh, MELD, and ALBI scores according to the current formulas (3, 5, 11) .
Data analysis
First, the baseline characteristics of all patients, patients with hepatitis B virus infection, and patients with alcohol abuse were summarized. As for the baseline data, we calculated the continuous data as the mean ± standard deviation and median (range) and the categorical data as the frequency (percentage). Second, we evaluate the suitability of the different scores for assessing the in-hospital death according to the receiver operating characteristic curve (ROC) analysis. We calculated the areas under the ROC curve (AUC) with 95% confidence intervals (CI). The cutoff values were defined in line with the best sensitivity and specificity. The corresponding sensitivity, specificity, and positive and negative likelihood ratios were also reported. Then, the diagnostic accuracy of the three different scores were compared by the De-Long test. We used the MedCalc statistical software to undergo the data analyses.
Results
Overall analysis
We included 1,067 cirrhotic patients. Baseline characteristics were summarized in Table 1 . Briefly, 67.9% of patients were male; 29% and 30.9% of patients had hepatitis B virus infection and history of alcohol abuse, respectively. The most common cause of admission was ascites (65.4%).
Child-Pugh score could be evaluated in 591 patients. Most of them were graded as Child B (49.6%) or C (40.4%). Twentysix out of the 591 patients died during their hospitalizations (4.39%). The AUC was 0.750 (95% CI: 0.713-0.784, P<0.0001) ( Figure 1A) . The best cut-off value was 9 with a sensitivity of 80.77 (95% CI: 60.6-93.4), a specificity of 64.07 (95% CI: 60.0-68.0), a positive likelihood ratio of 2.25, and a negative likelihood ratio of 0.30.
MELD score could be evaluated in 549 patients. Median MELD score was 10.96 (range: -1.89-38.86). Twenty-six out of the 549 patients died during their hospitalizations (4.73%). The AUC was 0.728 (95% CI: 0.689-0.765, P<0.0001) ( Figure 1B) . The best cut-off value was 12.9787 with a sensitivity of 84.62 (95% CI: 65.1-95.6), a specificity of 62.72 (95% CI: 58.4-66.9), a positive likelihood ratio of 2.27, and a negative likelihood ratio of 0.25. ALBI score could be evaluated in 926 patients. Median ALBI score was -0.190 (range: -2.320-1.370). Thirty-two out of the 926 patients died during their hospitalizations (3.45%). The AUC was 0.698 (95% CI: 0.667-0.727, P<0.0001) ( Figure 1C) . The best cut-off value was 0.1 with a sensitivity of 71.87 (95% CI: 53.3-86.3), a specificity of 66.22 (95% CI: 63.0-69.3), a positive likelihood ratio of 2.13, and a negative likelihood ratio of 0.42. ALBI, Child-Pugh, and MELD scores could be evaluated in 548 patients. Twenty-six of the 548 patients died during their hospitalizations. The largest AUC (0.746) was obtained by Child-Pugh score, followed by MELD (0.728) and ALBI scores (0.703). The difference between them was not statistically significant (ALBI vs. Child-Pugh, P=0.2400; ALBI vs. MELD, P=0.6463; Figure 1D ).
Subgroup analysis of hepatitis B patients
We included 309 cirrhotic patients with hepatitis B virus. Baseline characteristics of these patients were summarized in Table 2 . Briefly, a majority of patients were male (74.1%).
The most common cause of admission was ascites (63.4%). Child-Pugh score could be evaluated in 167 patients. Most of them were graded as Child B (44.3%) or C (43.1%). Six out of the 167 patients died during their hospitalizations (3.59%). The AUC was 0.752 (95% CI: 0.679-0.816, P<0.0001) (Figure 2A) . The best cut-off value was 9 with a sensitivity of 100 (95% CI: 54.1-100), a specificity of 60.87 (95% CI: 52.9-68.5), a positive likelihood ratio of 2.56, and a negative likelihood ratio of 0.00.
MELD score could be evaluated in 159 patients. Median MELD score was 12.85 (range: 1.23-38.86). Six out of the 159 patients died during their hospitalizations (3.77%). The AUC of MELD score was 0.564 (95% CI: 0.483-0.643, P=0.5357) ( Figure 2B) . The best cut-off value of MELD score was 10.7139 with a sensitivity of 83.33 (95% CI: 35.9-99.6), a specificity of 43.79 (95% CI: 35.8-52.0), a positive likelihood ratio of 1.48, and a negative likelihood ratio of 0.38.
ALBI score could be evaluated in 267 patients. Median ALBI score was -0.150 (range: -2.320-1.370). Six out of the 267 patients died during their hospitalizations (2.24%). The AUC was 0.803 (95% CI: 0.751-0.849, P=0.0002) ( Figure 2C) . The best cut-off value was 0.26 with a sensitivity of 83.33 (95% CI: 35.99-99.6), a specificity of 70.11 (95% CI: 64.2-75.6), a positive likelihood ratio of 2.79, and a negative likelihood ratio of 0.24. ALBI, Child-Pugh, and MELD scores could be evaluated in 158 patients. Six out of the 158 patients died during their hospitalizations (3.79%). The largest AUC was obtained by ALBI score (0.778), followed by Child-Pugh (0.742) and MELD scores (0.562). The AUC of ALBI score was significantly larger than that of MELD score (P=0.0007), but was similar to that of Child-Pugh score (P=0.6577) ( Figure 2D ).
Subgroup analysis of alcohol abuse patients
We included 330 patients with alcohol abuse. Baseline characteristics of these patients were summarized in Table 3 . Briefly, nearly all patients were male (98.2%). The most common cause of admission was ascites (69.1%).
Child-Pugh score could be evaluated in 191 patients. Most of them were graded as Child B (47.6%) or C (44.0%). Seven out of the 191 patients died during their hospitalizations (3.66%). The AUC was 0.791 (95% CI: 0.727-0.846, P<0.0001) ( Figure 3A) . The best cut-off value was 9 with a sensitivity of 85.71 (95% CI: 42.1-99.6), a specificity of 63.04 (95% CI: 55.6-70.0), a positive likelihood ratio of 2.32, and a negative likelihood ratio of 0.23. MELD score could be evaluated in 173 patients. Median MELD score was 11.27 (range: 0.05-35). Seven out of the 173 patients died during their hospitalizations (4.04%). The AUC was 0.720 (95% CI: 0.647-0.786, P=0.0023) ( Figure 3B) . The best cut-off value was 13.1305 with a sensitivity of 85.71 (95% CI: 42.1-99.6), a specificity of 60.24 (95% CI: 52.4-67.7), a positive likelihood ratio of 2.16, and a negative likelihood ratio of 0.24.
ALBI score could be evaluated in 287 patients. Median ALBI score was -0.210 (range: -1.990-1.150). Nine out of the 287 patients died during their hospitalizations (3.13%). The AUC was 0.646 (95% CI: 0.588-0.702, P=0.1360) ( Figure 3C) . The best cut-off value was -0.04 with a sensitivity of 77.78 (95% CI: 40.0-97.2), a specificity of 58.99 (95% CI: 53.0-64.8), a positive likelihood ratio of 1.90, and a negative likelihood ratio of 0.38. ALBI, Child-Pugh, and MELD scores could be evaluated in 173 patients. Seven out of the 173 patients died during their hospitalizations (4.04%). The largest AUC (0.787) was obtained by Child-Pugh score, followed by MELD (0.720) and ALBI scores (0.717). The difference between them was not statistically significant (ALBI vs. Child-Pugh, P=0.3037; ALBI vs. MELD, P=0.9607; Figure 3D ). 
